understand the reasons for differences in model results among these participating groups, each 7 group was asked to use the same source of emissions and boundary concentration data for their 8
Introduction 30 31
The evaluation of regional-through continental-scale photochemical and aerosol air quality 32 simulation modeling systems (PAQMs) has been a subject of considerable interest in recent 33 years (Dennis et activities in which the different aspects of model performance evaluation are considered. In the 50 first phase of AQMEII, an initial exercise has been launched in which more than twenty 51 modeling groups in North America and Europe are using their regional-scale PAQMs to simulate 52 a full-year (2006) retrospective continental application. Each participating group has been 53 requested to model both continents using common reference model input data sets, namely the 54 gridded source emissions and the lateral boundary concentrations for each continent. The focus 55 of the study is on the application of the structured model evaluation framework discussed in 56 Dennis et al. (2010) to these model simulation results, using a comprehensive observational 57 database consisting of surface, aircraft, and satellite data for model evaluation and model inter-58
comparison. 59
This paper describes the development of a set of prescribed boundary concentrations for each 60 continental model domain for use by all AQMEII modelers for this exercise, as well as some of 61 the major impacts of these boundary concentrations on model results. Regional-or even 62 continental-scale geographical extents of modeling domains require careful specification of the 63 vertical and horizontal profiles of boundary concentrations since typical airflows over North 64
America and Europe can traverse each continent in a few days to a week. The trace gas and 65 aerosol concentrations as specified at the model's boundaries will affect the model simulation 66 results as this material is transported into the simulation domains and interacts with the model ' 
GEMS Re-analysis 75

76
A variety of sources is used to specify boundary concentrations for retrospective regional-77 scale PAQM simulations. Ideally, observational data should be of sufficient density and quality 78 to provide these specifications. However, model domain boundaries are often over the ocean or 79 sparsely-monitored land areas. Satellite-based platforms provide data for only a few chemical 80 species and only intermittently in space and time. Global-scale PAQMs of coarser resolution are 81 another source for providing boundary concentrations to regional-scale models. For the 82 AQMEII project, a combination of global-scale models with assimilation of satellite-based 83 observational data was used to derive boundary concentrations. This hybrid analysis using 84 model and observational data for a retrospective assessment is commonly referred to as "re-85 analysis". In this case, data were derived from a multi-year re-analysis that included the target 86 year of 2006 from the European Union-funded project of Global and regional Earth-system 87 Monitoring using Satellite and in-situ data (GEMS; http://gems.ecmwf.int; Hollingsworth et al., 88 2008; GEMS, 2010 atmosphere.eu). 101 Figure 1 illustrates the principal components of the GEMS global modeling system. The 102 GEMS system was built within and around the ECMWF Integrated Forecasting System (IFS; 103 http://www.ecmwf.int/research/ifsdocs/), a global operational weather forecasting model system, 104 including the capability for four-dimensional variational data assimilation (Rabier et al., 2000) . 105
The IFS system is coupled with one of three global chemical transport models The advantage of using the GEMS re-analysis data to provide boundary concentrations for 132 AQMEII simulations compared to other global model outputs is that the GEMS results include 133 the assimilation of observed data derived from satellite platforms. Air quality modelers participating in AQMEII then are able to access these GEMS data and 156 use them for specification of boundary concentrations. There are, however, additional 157 assumptions and processing steps involved before the data can be used by the regional models. 158
The GEMS data must be spatially interpolated for the boundaries of each regional model's native 159 grid and temporally interpolated from the 3-h output interval to the 1-h boundary updates 160 typically employed by the regional models. Also, the GEMS data contain fairly coarse chemical 161 speciation of the gaseous organic compounds. Additional disaggregation of these organic 162 compounds into the specific organic classes used by the tropospheric atmospheric chemistry 163 mechanisms is usually necessary. In addition, the GEMS aerosol data for sea salt and dust may 164 need to be redistributed based on the size distribution information carried within the regional 165 model. Finally, the GEMS data provide information for most of the chemical and aerosol 166 species needed at the models' boundaries that have significant transport influence. However, all 167 species are not included in the GEMS data. Modelers may need to provide another source of 168 boundary concentration data for aerosol sulfate and nitrate, for example, and additional gas-169 phase species that may be in their model, unless the boundaries are assumed to be zero, zero-170 gradient, or some fixed concentration. 171
There are a few caveats to note with regards to the use of the GEMS data for AQMEII. derive their boundary concentrations from the GEMS re-analysis data described above. 189
However, not all participants adhered strictly to this request. In fact, there were a variety of 190 sources that were accessed for the continental-scale model boundary concentrations. Table 2 
CHIMERE Model -Europe application 350
The CHIMERE model has also been applied over Europe using the TNO emissions inventory and with a monthly climatology derived from the same dataset (gas and aerosols as well; CST). 356
In the CST run, for a given time in a month, the model is driven with constant BCs; no 357 interpolation is performed between two consecutive months. 358
In Figure 12 we display the average difference between the simulations with 3-hourly BCs and 359 the monthly climatology for O 3 . With both sets of BCs derived from the same global 360 simulations, these plots would exhibit a null geographical variability if the regional model 361 behaved as a linear operator. Since that is obviously not the case, these plots reflect the 362 combined impact of (1) the non-linearity of the regional model together with (2) the skewness of 363 the O 3 distribution at the boundaries. For instance, the difference is consistently negative at the 364 southern boundary showing that the mean BCs (used in the CST run) lead to an overestimation 365 of O 3 compared to the 3HR BCs. On the western and northern parts of the domain, the situation 366 is less straightforward. In summer (JJA), climatological BCs lead to an overestimation of O 3 , but 367 in spring and fall they yield an underestimation compared to time-varying fields. It is likely that 368 stratospheric intrusions into the troposphere captured in the GEMS re-analysis (which may have 369 an impact in the CHIMERE model down to the surface by means of vertical mixing) play an 370 important role on these patterns. As isolated, yet very concentrated, layers of O 3 , these events 371 have a larger impact on the average than on the median concentrations. Depending on their 372 geographical and seasonal variability they could thus be responsible for the patterns observed in 373 Figure 12 . 374 Figure 13 shows the difference of standard deviation between the 3HR and CST simulation 375 results for both O 3 and PM10 concentrations. Using the 3HR fields at the boundary has a 376 noticeable impact on the outskirts of the model domain. Since Europe is mainly affected by 377 sporadic and large dust outbreaks from the Sahara, the southern boundary displays higher 378 variability with 3HR BCs. The eastern part of the domain includes a fire emission zone in 379
Russia, which leads to higher standard deviations in this region. Since sea salt BCs have been 380 removed in the GEMS dataset there are no specific patterns observed in the western and northern 381 parts of the domain. Table 3 The AQMEII project on regional-scale air quality model system evaluation and inter-455 comparison has proposed the use of a common set of boundary concentrations to be specified to 456 the regional modelers for all to use in an effort to minimize differences across the models from 457 this particular aspect of the modeling protocol. The GEMS re-analysis air quality dataset has between the CHIMERE simulation using the LMDzINCA (gas phase) and GOCART (aerosols) 735 boundary conditions and that using the GEMS boundary conditions. Concentration differences 736 are in ppb. The horizontal resolution of the simulations is 36 km. Each panel corresponds to a 737 seasonal mean. 738 739 
